Phosphorylation and dimerization regulate nucleocytoplasmic shuttling of mammalian STE20-like kinase (MST).
Mammalian STE20-like kinase (MST) is a member of the yeast STE20-related kinase family and proteolytically activated by caspase during apoptosis. However, its other cellular functions are not known, including its activation mechanism, substrate(s), and subcellular localization. In this report, using anti-MST monoclonal antibodies, we clearly show that endogenous MST is localized in cytoplasm in a leptomycin B-dependent manner. Analyses with serial deletions and point mutations show that MST has two functional nuclear export signals and, unexpectedly, another localization motif for nuclear import. When cells are treated with leptomycin, monomeric MST is accumulated more rapidly in the nucleus than dimeric MST, indicating that dimerization contributes to the cytoplasmic retention of MST. Okadaic acid, an inhibitor of phosphatase 2A, induces activation of MST and translocation into the nucleus. Using phosphopeptide-specific antibody, we directly show that okadaic acid induces phosphorylation in the activation loop of MST, and, once phosphorylated, MST is rapidly translocated to the nucleus. However, kinase-deficient MST does not enter the nucleus, indicating that phosphorylation and activation is required for okadaic acid-induced nuclear translocation. In apoptotic cells, the activation of MST does not require phosphorylation in the activation loop and occurs through the release of C-terminal regulatory domain by caspase-dependent cleavage. Kinase-deficient MST functions dominant-negatively and represses okadaic acid-induced morphological change indicating that MST plays a role in okadaic acid-induced cellular shrinkage. Our identification of cytoplasmic and nuclear localization motifs and phosphorylation-dependent translocation of MST suggests that regulation of localization is important to the biological function of MST, including its effects on cellular morphology.